The propensity for aortic aneurysm and dissection bestows bicuspid aortic valves (BAVs), the most common congenital cardiac abnormality, a potentially lethal aspect and considerable clinical concern. In the present study, we attempted to better characterize BAV patients with acute type A aortic dissection (AAD).
INTRODUCTION
As a well-documented life-threatening cardiovascular emergency, type A aortic dissection (AAD) is of high mortality and always requires surgical intervention [1] [2] [3] . It is supported by several studies that patients with a bicuspid aortic valve (BAV), which is the most frequent congenital heart disease among general population, suffer from a higher risk for aortic aneurysm and dissection [4] . The pathophysiological process underlying these unique vascular complications of the BAV has been contributed to accelerated matrix degeneration, smooth muscle cell loss or elastic fibre deficit in ascending aortic media [5] [6] [7] [8] [9] . However, clinical characteristics and prognostic features of AAD patients with congenital aortic valve malformation are still shrouded due to the limited data, which makes early diagnosis and risk stratification among these patients virtually impossible. The largest cohort so far reported by Svensson et al. [10] in 2003 consisting of 25 AAD patients with the BAV focused their attention on the relationship between the size of the aorta and the risk of dissection, and the details concerning baseline features and surgical procedures were not disclosed.
Whether BAV-associated dissection is a unique subgroup of AAD patients or regarded as analogous to the tricuspid aortic valve (TAV) on the clinical basis is still unclear. The present study compared clinical features and 30-day postoperative outcomes among acute AAD patients with the BAV and TAV, thus intending to unravel clinical implications of this patient group. symptom onset. The diagnosis of BAV was confirmed at surgery. No patient with previous cardiac surgery was included in this study. Patients who had aortic dissection due to predisposing factors of connective tissue disorders such as Marfan syndrome, Ehlers-Danlos syndrome and Turner syndrome were also excluded to reduce the potential bias deriving from unique features of above diseases. Patients in a collapsed state with shock dying before or not able to withstand surgical procedure were not enrolled in our study, and those over 70 years old as highrisk operative candidates inclined to select medical treatment over surgical intervention.
Data collection
Clinical features, laboratory data and demographic characteristics were collected and abstracted in standardized data collection sheets. Information on preoperative presentations of shock [defined as systolic blood pressure (SBP) <90 mmHg], acute renal failure (defined as acute elevation of serum creatinine), neurological deficits (defined as a clinical diagnosis of ischaemic attack, syncope or altered consciousness) or pulse deficit was derived from patients' medical records. Transthoracic echocardiography was routinely performed to evaluate the volume of aortic valve regurgitation and mean aortic valve gradient. The maximal diameter of aortic root/ascending aorta, the location of intimal tear and DeBakey classification were evaluated by computed tomographic angiography in all patients. Dissection involving coronary artery ostium indicated by cardiac troponin T (cTnT) positivity (>0.1 ng/ml) and acute coronary syndrome (ACS)-type electrocardiogram (ECG; including pathological Q-waves, ST-segment deviation, T-wave inversions and left bundle-branch block) was confirmed at operation.
Operative procedures
All surgical procedures were performed with patients under general anaesthesia, median sternotomy and total cardiopulmonary bypass (CPB). After arterial and venous cannulation, systemic and myocardial protection was achieved by hypothermic perfusion and antegrade cold cardioplegic solution (4°C), which was administered at 15-to 20-min intervals. Among patients with coronary artery ostium involvement, cardioplegia was achieved by retrograde coronary sinus perfusion and additional antegrade administration via the uncompromised vessel. The ascending aorta was clamped at the distal end, and proximal manipulations were commenced. Valve-replacing aortic root replacement including Bentall (defined as a replacement of the aortic valve, aortic root and ascending aorta, with reimplantation of the coronary arteries into the graft) or Wheat operation (defined as aortic valve replacement and ascending aortic replacement) was adopted when remarkable aortic regurgitation or stenosis was present and unable to be repaired by the valve-sparing procedure including David operation or aortic valve plasty. The coronary artery bypass graft (CABG) procedure was performed on 51 patients who had dissection involving coronary artery ostium, coronary anastomoses bleeding or previously established coronary artery disease. Among patients with coronary artery ostium involvement, CABG was routinely established with the saphenous vein graft from the mid segment of the compromised coronary vessel to the ascending aorta graft.
Circulatory arrest was initiated when the nasopharyngeal temperature reached 16-24°C. Before January 2009, we selected unilateral antegrade cerebral perfusion (ACP) with right axillary artery cannulation combined with hypothermic circulatory arrest for cerebral protection. The perfusion rate was maintained at 8-10 ml/kg/min, and the perfusion pressure at 40-50 mmHg. Thereafter, bilateral ACP was performed through the right axillary artery and the left common carotid artery. Total arch replacement was performed among 130 AAD patients who had the dissection involving main aortic arch branches, while hemi arch replacement among 85 patients who only had their lesser curvature of the aortic arch involved. When aortic dissection extended beyond the distal arch, an 8-10-cm stented graft consisting of a Gianturcotype self-expandable metallic stent and a woven Dacron graft (MicroPort Medical Co. Ltd., Shanghai, China) was placed in the appropriate segment of the descending aorta in 178 patients accompanying arch replacement utilizing the stented elephant trunk (SET) technique to minimize the residual dissection. After the anastomosis was completed, antegrade systemic perfusion was started and the patient was rewarmed and weaned from CPB.
Follow-up
Follow-up data including in-hospital complications and mortality during the initial hospitalization or within 30 days after operation were obtained from a review of patients' records or outpatient clinic. The study conformed to the principles outlined in the Declaration of Helsinki and approved by the ethics committee of Zhongshan Hospital, Fudan University, Shanghai, China.
Statistical analysis
Analysis was performed with the SPSS 11.5 software (SPSS, Chicago, IL, USA). Data were reported as mean ± standard deviation or medians (inter-quartile ranges) for continuous variables and as frequencies ( percentages) for categorical variables. Continuous variables between groups were assessed by the one-way analysis of variance or Mann-Whitney U-test as appropriate. Differences in percentages were evaluated using the χ 2 tests or Fisher's exact tests. Independent risk factors for 30-day mortality were determined by stepwise logistic regression analysis. Variables that competed for entry into the multivariate logistic regression model included age, gender, body mass index (BMI), SBP, diastolic blood pressure, comorbid conditions, clinical presentations and signs, echocardiographic findings, location of primary intimal tear, Debakery classification, maximal ascending aortic diameter, coronary artery ostium involvement, arterial cannulation site, surgical procedure, CPB time, myocardial ischaemia time and cerebral perfusion time. Statistical significance was defined as two-sided P < 0.05.
RESULTS

Clinical and dissection characteristics
Among 288 consecutive patients enrolled in the present study, 30 had BAV and 258 had TAV. It should be mentioned that 9 of the 30 patients with BAV eluded diagnosis by urgent transthoracic echocardiography and were eventually confirmed by surgical inspection. Clinical and dissection characteristics between two groups were summarized in Table 1 . Compared with those in the TAV group, the BAV group demonstrated slightly younger ages (P = 0.033), less frequent of history of hypertension (P = 0.019), lower systolic blood pressure (P = 0.001), a higher rate of moderate-to-severe aortic stenosis (P < 0.001), a wider ascending aorta diameter (P < 0.001) and higher incidence of primary initial tear in the aortic root/ascending aorta (P = 0.012). According to the DeBakey classification, the prevalence of type I aortic dissection was similar between two groups (P = 0.628), but type II aortic dissection occurred more frequently in the BAV group (P = 0.007).
Surgical and perioperative data
As shown in Table 2 , aortic valve replacement (P < 0.001) and isolated ascending aorta replacement (P = 0.017) were more likely to be performed in the BAV group due to its higher incidence of valvular dysfunction and confined ascending aorta involvement. Correspondingly, an SET procedure was more prevalent in the TAV group (P = 0.003). Other operational details including aortic cannulation site, CPB time, myocardial ischaemia time, cerebral perfusion time, ventilation time and intensive care unit (ICU) time were all similar between two groups (all P > 0.05). 
Analysis of 30-day postoperative outcomes
Although in-hospital complication rates were similar between AAD patients with BAV and TAV (P = 0.590), a staggering higher 30-day postoperative mortality (P = 0.016) was observed among those in the BAV group. Cardiac failure (71.4%) stood for the most frequent cause of death among BAV patients, while brain damage accounted for 47.6% of all deaths in the TAV group. As for the postoperative complications, hypotension (P = 0.036) was more frequently observed in the BAV group, while incidences of neurological deficits, acute renal failure, mesenteric infarction and limb ischaemia were slightly higher among those with TAV, though no statistical significance was revealed (Table 3) 
Analysis of risk factors for BAV patients
All deaths in the BAV group occurred in the first 14 days after the operative procedure, while those in the TAV group were more sparsely distributed. BAV patients who died during the follow-up period tended to have higher incidence of aortic stenosis (P = 0.033), coronary artery ostium involvement (P = 0.006) and longer CPB time (P = 0.035; Table 4 ). All patients with coronary artery ostium involvement (all involving the right coronary artery alone) had cTnT elevation and ACS-type ECG. Preoperative haemodynamic status was stable in those patients notwithstanding inferior myocardial ischaemia indicated by ECG changes or wall motion abnormalities detected by preoperative echocardiography. Most of them (60.0%) died of postoperative heart failure in the ICU. Hallmark characteristics of BAV including aortic root/ascending tubular diameter, ascending aorta as the location of primary initial tear and Debakey type II classification did not differ between survivors and non-survivors (all P > 0.05). Among AAD patients with preoperative neurological deficit, similar mortalities were observed between BAV and TAV patient groups (25.0 vs 23.3%, P > 0.05).
DISCUSSION
As the most common congenital cardiac abnormality, BAV occurs in 1-2% of the general population [11] . In a recent prospective study, Michelena et al. [12] indicated that the incidence of aortic dissection among BAV patients was 3.1 cases per 10 000 patient-years and 8.4-fold higher than in the general population. In our study, BAV comprised 10.4% of non-Marfan AAD patients, which were comparable with the incidence provided by a US cardiovascular registry of dissecting aortic aneurysms, [13, 14] , but higher than that from the International Registry of Acute Aortic Dissection (IRAD) [15] . We supposed that these differences could be attributed to the high incidence of BAV patients that eluded diagnosis by urgent transthoracic echocardiography, which ran up to 30% in our study population, and elevated risk of sudden cardiac death before admission [16] . Clinical presentations of AAD patients with BAV shared certain traits with Marfan syndrome, including younger ages, less frequently with a history of hypertension, lower systolic blood pressure and accelerated ascending aorta dilatation [15] , which could be attributed to the ascending aortic medial elastic fibre loss among BAV patients. With their vascular structural impairment, BAV patients seemed to suffer from aortic dissection under milder haemodynamic challenge [17] and tended to have their primary intimal tear located at the ascending aorta along with the tendency of a confined vessel lesion as shown by a higher incidence of DeBakey type II dissection. Besides, our study demonstrated that 7 of the 30 AAD patients with BAV had moderate-to-severe aortic stenosis with a mean aortic valve gradient >25 mmHg, and 9 moderate-to-severe aortic regurgitation, which was slightly higher than those in an early report from Lahey Clinic and Cleveland Clinic Foundation [10] . Nevertheless, it was worth mentioning that aortic wall abnormalities in the BAV might not be secondary to valvular dysfunction, since a considerable proportion of patients with evident aortic dilatation or dissection showed no signs of valve ailments [18] .
Malperfusion was common among AAD patients and might result in cerebral, spinal, renal, myocardial, visceral and extremity ischaemia. Established malperfusion was believed to engender high risks of in-hospital complications and lethal consequences. The presence of preoperative neurological malperfusion remained an independent risk factor for 30-day postoperative mortality in our study, heralding a poor prognosis [19] . It is intriguing that the 30-day complication rates were similar between two groups, while the 30-day postoperative mortality was significantly higher among BAV patients. The most frequent postoperative complications among TAV patients were neurological deficits, acute renal failure, mesenteric infarction and limb ischaemia, which could respond to contemporary intensive care, blood purification techniques and additional interventional procedures [3, 20] . Meanwhile, patients with BAV demonstrated higher incidence of postoperative hypotension due to low cardiac output which with no exception led to cardiogenic death within 30 days. That might provide a reasonable explanation for the distinctive differences in clinical outcomes between BAV and TAV patients.
When taking further look into the BAV patients, it was moderate-to-severe aortic stenosis and coronary artery ostium involvement that stood out among all dissection characteristics aside from longer CPB time as the potential candidates for the underlying causes of these observations. In our patient groups, moderate-to-severe aortic stenosis was an exclusive trait among BAV patients. In the setting of severe aortic stenosis, coronary flow reserve (CFR) was reported to suffer a significant decrease [21] . It was crucial to be noted that CFR impairment did improve, but seldom normalized after aortic valve replacement among patients with aortic stenosis [22, 23] , which might be attributed to sustained coronary microcirculatory malfunction disregarding the pressure overload removal. In the presence of coronary involvement, the postoperative mortality remarkably increased and patients would die from low cardiac output as reported by Girdauskas et al. [24] . Furthermore, BAV is frequently associated with coronary artery anomalies, with a left dominant coronary system being the most common [17] . Though the detailed distribution information of coronary system was not available in our BAV patients, a small, non-dominant right coronary artery could inflict practical challenge on aortic root replacement, CABG and cardioplegia procedures. Therefore, it was logical to believe that dissection involving coronary artery ostium, other than aortic stenosis, might act as a second strike in the pathophysiological process of AAD among BAV patients, thus leading to adverse clinical outcomes. Moreover, we supposed that myocardial impairment among BAV patients might serve as the probable cause for a prolonged and more elaborated protocol for CPB termination including adjustment of cardiac performance on partial bypass and pharmacological support, particularly in those who ended up with cardiogenic deaths.
Study limitations
The present research with the retrospective and single-centred nature should be viewed in the light of its limitations. The prognostic significance of shock and age, which had been confirmed by previous studies, was lessened in our cohort due to different patient inclusion criteria. Regardless of the small number of AAD patients with BAV in our study, we believed that our investigation had provided detailed description and strong implication in terms of the clinical characteristics and early prognosis in this unique patient group. Therefore, multicentred endeavours and long-term follow-up were required to further clarify risk stratification among AAD patients with BAV.
CONCLUSIONS
BAV comprised a unique subgroup of AAD patients. Clinical characteristics of BAV shared certain similarities with the Marfan syndrome. The 30-day postoperative mortality was significantly higher among BAV patients, with an elevated proportion of both cardiogenic deaths and complications. Moderate-to-severe aortic stenosis and coronary artery ostium involvement might be related to the adverse outcomes among BAV patients. Therefore, it was logical to recommend intensive monitoring in BAV patients as candidates for aortic dissection and evaluating of genuine risk factors in BAV-associated dissections with surgical intent.
